The paper analyses a hydrographic network and its changes in the area of Uściwierskie Lowering in last 180 years. The Uściwierskie Lowering was originally the second largest closed drainage depression in Łęczna-Włodawa Lakeland, with an area of 45.83 km 2 . The increasing anthropopression mainly by melioration works led to significant changes. The authors use early and modern maps to analyse the quantitative aspect of these changes. The technical issues of georeferencing maps in the Geographic Information System (GIS) software are addressed first. In case of some maps, georectification happened to be problematic. 19
INTRODUCTION
Within the last centuries the Łęczna-Włodawa Lakeland has been a subject to systematic, continuously intensifying anthropopression [Chmielewski and Radwan 1993] . One of its symp toms is the development of drainage systems, leading to the incorporation of lakes into a drainage network [Wilgat et al. 1991] . As a result of these processes, the character of lakes changed from closed-to open-drain age and a decrease in the water level and reduction of maximum extent was, and still is, observed. Although natural processes also lead to the development of a drainage network, the human melioration practices substantially acceler ate the process. Moreover, a change in the character of a lake from closed-to open-drainage or flow-through by its incorporation in the drainage system results in a number of not only hydrological, but consequently also hydrobiological changes.
In the Łęczna-Włodawa Lakeland, melioration activities were conducted with high intensity after the Second World War, as an access to many set tlements in the melting season was still very difficult. The most intensive works have been carried out since 1954, in connection with the construction of the Wieprz-Krzna Canal, completed in 1961 [Michalczyk 1994 ]. Meliorations resulted in an increased runoff of surface waters and a decrease in the level of groundwater, as well as in trans formation of peatlands into muck (Michalczyk 2009). In the period of 1952-1992, 5 out of 68 lakes existing in the lakeland disappeared completely [Chmielewski and Chmielewski 2009 ].
While changes in the drainage system in the area of Łęczna-Włodawa Lakeland within the last 50-100 years are thoroughly studied [Chmielewski and Radwan 1993; Michalczyk 1994 , Michalczyk 2009 ], much less is known on changes occurring before that. Early maps can be of significant help in case of analysing spatiotemporal changes. The oldest cartographic source studied by authors is the Quartermaster Map, presenting the situation from the 1839 [Dawidek and Turczyński 2007] . Another, direct (comparing to use of early maps), source of infor mation on the functioning of the lakes and wetlands of the Łęczna-Włodawa Lakeland is palaeogeographical studies [Kulesza et al. 2012 ]. Much less attention was paid to high-resolution analyses regarding the last centuries [Kaczorowska and Kornijów 2012; Kow alewski 2012].
The objective of the study is to analyse an extent of environmental hydrographic changes of Uściwierskie Lowering based on the archival, early topographic maps. The analysis includes the measurements of the surface of lakes and the length of watercourses in the period of 1839-2011.
MATERIALS AND METHOD
The Uściwierskie Lowering was originally the second largest (after Krowie Bagno wetland) closed drainage depression, with the area of 45.83 km 2 . Closed-drainage areas originally occupied 43% of the Łęczna-Włodawa Lakeland. Human activity resulted in dissecting the natural watersheds and drainage of the internal part of the lakeland, with its waters discharged to the Bug and Tyśmienica Rivers. The percentage of closeddrainage areas determines the unique character of the lakeland. In the old gla ciation zone, closeddrainage areas occupied 2% of its area, and in the young glaciation zone 12-16% [Kowalewski et al. 2013 ]. The Lowering was originally filled with waters of probably a single lake with a number of islands and a fragmented shoreline. It is current ly filled with limnic sediments and peats [Okruszko et al. 1971] . Only in the deepest (>10 m) parts of the original lake basin, shallow lakes still exist, usually surrounded by rushes and floating plants [Sposób and 2) of ArcGIS software package. Due to the problematic projection and reference systems of these maps, they were registered mainly using topographic features, not the topographic graticule. Both WIG and Karte des Westilichen Russlands can be treated as modern 20th century topographic maps, so they mathematic basis are quite good. The georeferencing process in case of them produces a reliable material. The Quartermaster map is a bit different case. This mid-19th century map is not as good in terms of geometric accuracy as the previous two were. Beside this, in areas of poor settlement network, like analysed Polesie region, it is hard to identify topographic features that could be used as stable reference points.
RESULTS
The determination of the time of beginning of transformations of the drainage network of the Łęczna-Włodawa Lakeland, and particularly the originally closed-drainage Uściwierskie Lowering, is a problematic issue due to the scarcity of sources. The issue of anthropogenic transformations of the Uściwierskie Lowering has been discussed in other papers, including the pioneer works by Wilgat [1954] , addressing the is sue of closed-drainage areas numerous in the Łęczna-Włodawa Lakeland among other topics. Sposób and Turczyński [2009] , as well as Michalczyk [1994] set the beginning of melioration works to the 18th century. Suchożebrska and Chabudziński [2007] determine only slight transformations of the drainage system of the Lowering according to the 1839 map. The hydrographical situation presented there had not been transformed by man in any significant way. A single ditch draining the north-eastern part and infringing its natural borders was in the Uściwierz catchment only (Fig. 1) . Table 2 ).
The analysis of water level fluctuations, based on changes in the lake's surface area is not very pre cise, especially that in the case of the lakes of the Uściwierskie Lowering, the determination of the sur face area of the lake is problematic [Sposób and Turczyński 2009] . The total area of lakes on the map from 1914 was 593 ha, while the length of watercourses was 29.6 km ( Table 1 and 2). The Piwonia river had its beginning from the lake Nadrybie and flew through the Lake Bikcze then (Fig. 2) . Significant changes to the Uściwierskie Lowering drainage sys tem were observed between the First and Second World War. During this period, the surface of lakes decreased by 34 ha, while the length of watercourses increased by 7.9 km. The water level in Lake Rotcze could have begun to decrease along with the development of a drainage system to the west of the lake be tween 1918 and 1936, documented with the WIG map 1:100000 (Fig. 3) . This could be related to the plans of the owner of Lake Rotcze and the heir of Garbatówka. In the 1920's, he was going to develop fish farming in Lakes Rotcze and Uścimowskie, but as a result of the economic crisis, the lake was taken over by a bank. After the 2nd World War, significant changes were caused by the construction of the irrigation ditch Bogdanka-Wola Wereszczyńska in the 1950s, running along the northern shore of the lake and be ing usually empty. The fastest decrease of water level has probably happened after 1963. There were transformation planned aiming at the improvement of habitat conditions, with the purpose of transforming Lakes Uściwierz, Nadrybie, and Bikcze into retention reservoirs. The plan was not successful, but surrounding wetlands were ir reversibly changed. The then-constructed Wola Wereszczyńska-Bogdanka irrigation canal is defunct now and the water level in the surrounding lakes decreased by approxi mately one meter.
The level of Lake Uściwierz, drained already before 1804, decreased to a lesser extent, but part of the decrease occurred in the second half (Michalczyk 1994) . It can also be used to evaluate the results of draining, conducted with a particular intensity from the mid-20th century. Ac cording to Wilgat et al. [1991] man has influenced the drainage network for a long time, main ly by regulating river channels and digging ditches to drain excess water, which in a flat, sandy area was not difficult, and by the incorporating lakes and closeddrainage depressions into the drainage network. All this was evident, but did not significantly affect the character of drainage network. Significant changes are re lated to the construction of the melioration system of the Wieprz-Krzna Canal [Harasimiuk et al. 1998 ]. The construction of agricultural drainage systems resulted in a decrease in the groundwater level in a number of places, drying wetland areas. It also caused an acceleration of the spring runoff (Fig. 4) .
The most intense hydrotechnical works were carried out in the 1960's. At that time headwaters of the river Piwonia were moved to the lake Uściwierzek, while its bed was traced to pass the lakes Nadrybie and Bikcze. After the Second World War the area of lakes decreased by 36 ha, and the length of the courses increased by 31 km (Table 1 and 2) . Zones not connected to the Canal have their own drainage systems, some of which were constructed a long time ago and restored in the recent years, while some were developed from scratch. It seems, however, that the occurrence of sig nificant changes in the drainage system after the Second World War concerns, in the case of the Uściwierskie Lower ing, Lake Rotcze solely. The rest of lakes were already a subject to transformations in 19th century. The total area of lakes in the past 40 years decreased by 32 ha, while the length of watercourses increased by 7 km (Table 1 and 2). There are only artificial watercourses in the Lowering today: drainage ditch, Bogdanka-Wola Wereszczyńska Canal and Canal of Piwonia Dolna river (Fig. 5) .
The values given in tables and based on maps are true, but a few things have to be noted. The first one is the content of the map. There is no single, unique instruction how to delimit lake on a map. In most cases it is obvious, but on areas of wetland a shoreline can be more of a zone than a precise line. The quantitative information, that is a second thing to note, is a matter of scale of course, hence maps of similar scale should be compared. But even in such case the differences observed (for example lake areas) may be a result of different approach of the cartographer and different technical instruction of the map. The third, and probably the most important note here, is the reliability of georectification. In general, the older the map is, the less reliable it is in terms of geometric accuracy and its georectification can be less precise. However, when a series of map are well-georeferenced, they can give not a very precise absolute values, but relative values (one compared to another) can be of much higher quality.
CONCLUSIONS
1. Drainage of lakes by means of drainage ditches led to lowering of lakes level and, consequently, decrease of their surface areas. The lowering also caused faster development of rush vegetation and macrophytes in the lakes' basins, accelerating the dis appearance of the lake. Decreases in the water level occurred in an uneven manner. The earliest changes concerned the wa ter level in Lake Bikcze which -after digging a ditch draining the lake to the northstabilised at the begin ning of the 19th century.
2. In order to understand the degree of anthropogenic transformations of the drainage network, knowledge on its natural changes is required. There fore, the reconstruction of water level fluctuations in Polesie within the last 200-500 years is urgently re quired, particularly involving palaeolimnological and telmatological studies and studies of historical sources recording at least extreme facts. Only then it is possible to fully analyse anthropogenic changes. In order to estimate water level fluctuations based on aerial photographs and cartographic sources, knowledge on the water level in the observation pe riod is required. This was emphasised by, among oth ers, Chmielewski 4. In 100 years area of lakes decreased from 593 to 491 hectares, and the length of watercourses has increased from 29.6 to 75.5 km. 
